wo 2005/001170 1 PCT/JP2004/007349 

5^ ^ ^ 

19. ^tC^3i^7/V>^=3E^— ^(Czochralski Method. &>TCZmtm^--i-^) 

[0003] ^n-W>':5!:Pj&lCoV>-Cia6?r#fl^U^i;6Sf,t5i|^-f-;5„ 

Flow Pattern Defect) -^COP (Crystal Originated Particle) ^(Dr/n—i^ 

i-^mm^'V (Vacancy) mi^tmttlX^^ 
[0004] ^fc. $trBJ5fe«M^ffi<bTV^<<!r^;ft3S^(7){gT(-#V^OSF(m'fbfl^^g 
:^|5fS, Oxidation Induced Stacking Fault)^i$(.^^"^^<DmjS.^^b]):^ii^'Ji^i^ 

^H<5r#;libtl/'CV^^LSEPD (Large Secco Etch Pit Defect) , LFPD (Larg 
e Flow Pattern Defect) m<DX^t)m^^i^^^\^. :itlh<DX^l()^^^-r^ 
mMi-tl (Interstitial) mi^tmttlX\^ >So 
[0005] 3fi<^. vmi^tmi^<D^f^XOSFVl^i^(D^mi^. tK^K^Hc^FFD. COP^O 
X^ikh. *&^=-r^v'y='>'®ia(75LSEPD. LFPD^cOjXPlltj#^EL^ceV>'|Mig(D^:S;65 
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|gM.$tl/TV^:5o :i<7)mMnN(^=L^h9/^. Neutral) mi^tmttl?>c ^ti. 

Nmm^^h\z^m-f-^t. ospy >^(D^m i^m^-r^MMi^ (^?L(o # v 

[0007] Ztlh(Di^t2->^^^^Xmt. m-1^^e^}^M^^?>t^(D3\±lfmmv(mmyrmn 

SEG CC/mm) (DitTfe6V/G (mm VC • min) ^0^<9;^—^—K^^. ^(Dm 
A»>55*J£$fl/5i:#;tf>^^TV>5(^Jx.^^, V. V. Voronkov, Journal of Crys 
tal Growth, 59(1982), 625— 643#fiSJo ■i'ti:f:>-h.VXG^pJx'^(Dmx—-^{:i 

[0008] ^!lx.{^#W2pll-147786^<i$f^-Cf*. ■i^y=3>'^M^^W^i-?>^lC, M^t> 
^il^TV/G{it^BlT^<7)t5Hrt(^J;tf^. 0. 112—0. 142mm V°C -min) iC$lJ^b 

fcf9.v/G^0fM(^M^Pf&^^j;ii^)|*^MJ#pu^i;S5tmM^B^5l-btfSWi5t^B 
[0009] -|S6«]{vi. ^Utf**;^[R](D^^M^<^SaG{i. m^^(^)»^;55fT^5ti.5m^^ 

m<Dx^{cvxG^mmvx^^^B(D^^^nm^. '^^mummiG^mm^m^i 
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[0010] i^fc. -m^^^^aummiGnm^^^B<Df5^-S:i!)mt^\^-otixi&ri-^mmz.h^ 

[0011] ^5^^ii:P^(D^;S:J^T^{vl*3lt5§l±tf iil^f*. ^(^^^jg^am^^ 

%ibj:m^:i^i<-^^^\±'<fmmhi&mtvx^\±ifmm^^hKM^\^^'^xv^ofc 

[0012] -^fc^^^xit. ±m<DXoK^\±irMmv^mmi^xvxG^wf'^(DmKMmL.ti: 
T!)^hWf^^B(D^f^^n-ofct^x-h. mm^^nhnfcm'^^B(D'^^Bm:^\^KJKt^^ 
xmmm^m'^^B(o^miLxm^L-x^^t. ^^^B^^m:^\^(D-^(Dmmxm 
m(Dx^mmt)m:ij\^±mic^^L-x^j:\,^m^t^m. ^^rB%^fB^ftW:fe-fRi 

m(D]^^mithmKvyG7:}m^(Dmt^£:6XoicB\^±ifmmv^mMu ^js^bW 
^^\^^mxNmmtfj:^h(D(D^ M-m^mmn(D^mn'^m^^^i^^\^^xf^^ 
[0014] mM<Dmm^B(7ymmxi-i. m^^^B(D^\±immn. ^f^-r^^^^B(Dm 
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[0015] -tr-e. :^mmn±tE,mmMKm.?^xti^tifch<Dxh-DX. :^mm(o s mn^ c 

umm?.G<Dm^t^mm-r:^:LtKxwyG^mm\.x.^^^^i^:^m(Di^m^ 

m<^x'^^B'm:^[^±.m^mm(Dx^mmtf£^Wf^^B^Mm^x9j}mmz. 
m\^^:^m^^xMm-r^:Lt<Dx^^n-i^^B(Dm:i^:)5m^m^-r^:Lt\:i^^. 

[0016] ±|B g 6*JSr^^-r^fcie)t^. :^mm^X^\-t. 'fs^^/l^y^^-mi^X^^X^^l^ 

y'^if^xm^^^m^mmib^^3\±ifxmm't^:^mKii^\^^x. suia^^^^w^ 

^mj5:m(D'^m^m^m^Ge ccymm) xmvtct^, mm^^^B^'bm(D^^^Bm. 
mm^GcRx^^^^BmmU(D^^^mumme.Ge^m^5.mnmm(Dmmmtmm'^^ 
^^y<\f^xwMmmm\^nmm^fircmmmit(Dmm^^w.-r^^tKxvmm 

VX.'^^B^'L-^(DUm<^mGct'^^ammU(DUmm^Get(Dm^G= \ (Gc- 
Ge) 1 m. 5X:ymm&.T tfj:^Xoi^'r^tthi^. ^|_btf jg^Vt^fsCf -Wc^ 
mmmiGc(DitvyGc (mm Vt: -mm) ?rmM(^^P(&M^^W«¥J^^;5S ^ 

[0017] czmi^x^xmi^^B^^j^-r^miz. m'Ptmm^tmmmm(Dm 

m^^M-r^^tizx^x^ '^^B^'b^(Dm.m^mGcRxj^'^^mmn(Dum^m 
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flit. ^^^Bmmi^iin^^m^^\^±^^x. ==y^h<DMm^m^m^^t7!)^x 
^(bK. ^(Dx^izmmmtmmuum(Dmm^m^-t^^tKjc.^xvxGc^ 

^mmhi^mmi^^^\.xm^t^^-^mtfj:^<DX\ mm<D^^^shm:^■u^^^m 
m^^-r^s'n^(D4¥m^mt^timi^^B^m\^^mm^^x^^vxmm-r^^t-d^x 

[0018] ^(Dt^. mm^\±ifmmy^~m(DmK\^xmi^^B(DB\±if^no^t7!}^x^^o 
mx^^(Dx\ ^\±ifmmv^-'m<DmKi.xm'^^B(D^\±if^n^x-h. v/gc 

m^x^^m\±ifmmim\^xwfMmmp^xv^^wi^'\t^:itmx^^h(Dx^^ 

o 

[0019] ^(Dm-^. tfjiEv/Gc^. mm'^i^-t^m'^^B(D^Kmmmm:ij\^(D^mi^t> 
ti^xNmmtfj:^xoi^pm-t^^t7!>m^\^^\ 
-oj;5t-> mf^^'^^^i^vyGc^mm^m<Dx^mmm:fj\^^mxi^mmt 

.hFPDm<Dmm}^--^^&m(Dxmi,^^uj:\^^4¥m^m&im(Dm'^^B^m±m 
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[0020] ^fc^ ^^m<Dmf^Mi(Dmm:ifm-r^i-x. muwMmmmtmmnuk(Dmm^. 
[0021] ^^pjTii. m^^^^m^-r^mii^. mnmm^i\^mvtc/i^'y^^(D±^mm^m 

[0022] ^(D^^. mm.wMm^mmmuut<Dmm^30rnm);x±t't^^tmi-^\^^^ 

o 

\zm-'i^'A^'r^m^^^B^$¥m^^'^\^x^mi-^:it^^x^^. 
[0023] ^^Bj-cfi. mtmfmmmtmmmtcomm^. ^f^tbu^^n^x^ 

mmmtmfmm(7^mm^^^\.x^^^^'b■^(Dum^mGcRxJ^ 
'^^Bmm^(Dum^mGe^mm-r^mi^s mmi^w^^B(Dmmmi^n^m^ 
mmx(Dmmm^^hmmi^u^x(Dmmti^^Bm.mnmGc^ Get(Dmm^^i^^> 
^^u—i^3>'m^. h^\f^i-im^mm<D^fi^^n<^xm^7f}^^u ^:Lxm^titim 
m^m\z.mmmtmmi^um(Dmm^^ii-r^m^0ki^^^i^x^<o -^euT. ^ 
(Dj3^^tcm^^mm^x^^^^BB\±if^immmtmmmm<D^m^^m&^ 
i^m^'T^^tiz.x^x. '^^eummiGc. Ge^mmmi^^Wiumt-x ^G^mm 
izo. 5''cymmfr^tthi:ivyGc^mBimmm\^mm-t^^t7!)^'^mtti:?>(D 
x\ ]^^m^\^±i^xm:f7\^±mi!)mm^Kmnmtfj:^m'^^m^0'^i^^^vx 

[0024] */c, mtimmmmmtmmuut(Dmm^^ii-r^^^^n'^. m^^^mcomm 
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miE-t^:Ltt^-^mbm.n-t^m(Dmit^mwi^^y^mw^n^xhmm^^ 
[0025] :L(Dm^. mmmm.'r^w-i^^n^i^':^>'W.^^nt'r^^ti}^x^^. 

. '^mz.\iC-<X'$^m^l:h(Obf^^o 

[0027] &.±Mm\^fcx.o\^. Wi^^B^^\±.\f^m\z.mMwmMtmm 

(DUm^UGB^mmir^:Lbt)^x^^ ^tuicj:o-c. ^^^B§l±tf 4^lcAG^o. 5 

tf)^-^mtfi:^o vfcm^x. ^^^B}^M^:ff\^^mm-oxmmiKmm^^^:fj\^ 
^mi^^'t^^am<Dmntcmi^^B^mBmx9jimmmm't^^tt>x^^w^ 
fcm^^m<Dm.'^(Dy<y^y^-his.mx^^(DX\ m'^^B(Dmmii^^if^^m^^m^ 
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[0028] miMnm.mmtmmmm(DmmLtm^^^L^U(Dm.mmiGct(Dmm. Rxf 

m2mmmmmtm^uum(DmmLt^ 'i^^i^m^mGctoecDrnvh^ (gc- 
Ge) (Dmt<Dm^^^-ti^vyx*^^o 

^mm^m-i. ^^s^^m:l7\^±m^i^fc^x^^^m^:fJ\^±mmm<D^Kmm 
i^tfi:^mf^^^mmmx^^mmm-r^^mK-2>\,^xm.Mm^Rxj^i^fi^m. 

f3.tco w^^. m'^^^u^\^^mi)^mm(D^mmmtfj:^xoK^^\^xm^ 

fMa-±vyG(Dmm^^\±ifmm^is.mi[::^'^-ri^^^^ummiG^pm-r^^ 

[0030] ^m(Dczm\^x^^m^(D^f^xn. mm<Dxmmm^m-r^mm^^^^i^ 
:^'^^:Lti,zx^xm^mmm<Dmi^m^-^(Dm^i^mwi.^j:i^h^\±ifmmv^'^ 



wo 2005/001170 



9 



PCT/JP2004/007349 



[0031] \.7!}^i.fj:f}^h. ^mm^mn. ^<Dm^mmmtmm^um<D^m^mf^^B^\± 

mmiGet(Dm^Gi'rfj:t>-ib. AG= I (Gc-Ge) i )^4^^<mW'r^^ti^'^m 
KvxG<Dmm^^'^Mxh^^t^^mvfc^ 

[0032] Cir-e, i^^-gf^^tfry^hFEMAGCF. Dupret, P. Nicodeme, Y. Ryckm 
ans, P. Wouters, and M. J. Crochet, Int. J. Heat Mass Transfer, 3 

3. 1849 (1990) )s:fflv>T. mi^^a<Dm±i'f'p\^}^nm^(Dm^mt^^:y^<p^ 

n(Dm^^mGcRXfW^amm^(Dmm^mGe(DmtiZ^\'^Xiy\=^U-~i>^3>'m 

mnmmmtmmmm(DmmL^m\:^^fct^<D'f^m^'L^^(Dm.m^mGct 
i^^Bmm^(DiKm^mGet(Dmxh^ (gc-gb) (T^^co^'fbi^ov ^xm^i^tii^ 

[0033] miRt^m2iZ^VfcXoiC. '>^^U-v-3i^0^ff(D^m, J!^3iSfiiJV-^®^«g|3;j^ 
^(DEgi|L^^^b^ii:S^^(cJ;oT^f0 4''W(D?fi^<fe]SaGc:S:U«*^^BJlSg|5<^ 

ummd,Ge7imit-r^^t^m(bf)^tfj:'o.mk.^mm^mB\±if^imnmmmt 
. ^fc-:ff±mmmi^^m^h^^tnTi^^BummiGc, Ge^i^^<x^^^ti!)^t> 

t^^tLo ^fc. M)iSi-ilj?Sffi<iriiB§BW^<^EggiLJ;i>?J-r2>Ji$fB?aS^@aGc, Ge(D 
^'^t:<?5flJ'^;655:v^^cm;^^5/^:^^)^^. Gc^Ge(^^T'fc6 (Gc-Ge) <D#[t>Egf||Lt^^S 
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[0034] :^^m^m-i. m^(D'^^B^\±if^i'^-r:Wf^^B<D^f^^n^x. mm^B 

^\±if^(DAGi^ 1 (Gc-Ge) | ) (DX^^t^J^Vtcm'i^^(DX^mm(0'j^^t 

[0035] ^^Bjtt. ±^^(Dx^fJ:m^^^3\±^f^<DWMmmmt^hmm^u^x(Dmm^L 

^tK^-^X, m^^^(Dm:fy\^m[H(D^'bnKi3n^m^mmmm^GcRXJ^^:)j\^ 
Ef*30jiaa^tC*5ltSJ^rBm^4ggBGe^$lJ#b-C. AG= | (Gc-Ge) | 5 

r/mmi^>^Ti:J^i5J;5J-i-^a:i:t>tcv/Gc^mM^PllMi^Jc^J^i-6ri:{^#m 

m^isn^^^^Bmm^^Gct.n-^\^m^(Dmm^iQm:^^h^'b:ij\^^5inm(D 
[0036] &.r. ^mm(Dmi^^B(Dmi^:fjmi::-^^^xmm^0muj:t^hmmicm.m-r^ 

^i^mmmm(Dmmmt^^iyy<[Hxmnm^mi'iM\^vxmm^i^\^t!iMmi^u 
^^^xmrn-t^o 

[0037] i2!5{:i^bfcm^^B5i-btfi^S2o«. M^^^^i^^np^i^^ wMmm4^i\^m-r 

JiZXoX'm^'^^^^K^WmiSX^I^^thXiS'O, ^fc^tlh(DJ]^y:^5. 
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[0038] $^^^1. M>"^^>'y<l(Op^ma-i:ff:^^mWiiit^m'^hfiXtsv)^ :L(D:^y^mm 

mi<orma'iWMmm4m\^-r^xo<<:immmn2^mmvx.m.nmm4<D 
mm^^h(D^m^:ti^yh'r^tthKBnmm4(Dmm^mM.'r^^o\^\^x\^^^o^ 
fc. :ff^mm^ii<D±m^ns :ff:^mmmi^^^^'^xmm^m2(DiiLW:^± 
rimmx^^mmuumWi^m22i!)^mm^i^x\^>^o i^. *^pJ^;I*3v^T. mm^ 
mi2mm'^unmi-imm^^th:5h<Dxn:^j:<. '^^m^jtcxm'MM^-r^ 
^t^^x^^. :^mm(Dmmmti2it. mmm^Mmmm.^tit:.-h<Dxhn 

s mmmi2tmnmm4<Dmmmt(Dm^mm^^. :^y^mmn97!}^tbmm-r^:L 

t7!>^X%^o 

[0040] ±f&(Djuy^.mm}mm2iRrjmmnumW}^^22it^ti^^timw}mm 
m. m^^m2(DiiLm. ccD:i3;^9i9xm^\^timm-mm4(Dmmm(DiiLm. 3\ 

x'o . mmmm^m isxmpn-^m^^s (d ^ \ ±i,f-S:^mK}t^zx/\^^y:^mmmm2i 
Rxf^^fcnmmmmm^&^22^mvx/^'y^^5. 6(DiiLmR^y~^rci^mm 
^ui2<DitLm^m:t^:^ti!)^xt. ^tiK^^x^ mnmm4(Dmmm^hmmm 

[0041] :i<DXot£M"^^B^\±ifmm20^m^^^X. CZmi^XW\:ti'^^^])=':^m^^a^W 

i^mmu t(D'^mm^^^j:-A^hm>\^^\±ifxmm^^^i^fcmmm(Dm^-^ 
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[0042] :$:mmn. r<^<i;5(-uT'>y='>'Wi5§fB3^w^-r5^t^. ^^^/^^yt^B^comm- 
[0043] Mi$^m^mmir:6t. m^i-ti^v^>^m^B^iKmmm^^:^\^<D^mi^i^fc^ 

M^'^'L-M(DiEM^niGct^^^mmmn(Dm.m'!^mGet(Dm a G;aSO. 5°C/mmg>^ 

(DiiLm^^^y^^mmimm2ixm'it^'\txmm-m^m(Dm^^±TicmM'r^Rxj^ 
/'^tn-imm^umm^!^22x:ff:^mmwiii^^^^'^xmmum2(DitLm^ 

[0044] z(Dt^. ±n^(DXo\^mmmmmtmmimm(Dmii^(on^^mtthi^. m 

mi^n:^^^^tf)^x^^. 
[0045] -ebx. ^(DXo\^m^\^tcm±ifmmvxm'i^^mm.m^(D^^^mt^K. 

m^mGcf)^i^%<fj:^mmxn±m^mi^^u:ki^'^^^7i^m^vxm^^m^w 
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•t^tth\zvXGc^mmmimm-r^^tizx-^x.mm(DiK^mmii^^^^:f7 
[0047] ^(Dm^. mm^m^\±if<=p(Dmnmmmtmmmm(D^mu-i. /^^^yrmmm 

m^±r\^^m^^tc<o.^hKWMmmm(Dm^tmMm2(DitLm^mmm 
m-i-^^t\^^^x.^M>i^t.fcmmmx^^^^^^t7i^x^^o 
[0048] irfj:f^ib.m^itmnmmmtmm^um(Dmmi^^m^b^'^^x^im-^ir^^ 

^x^tiit. /vyyt^mmmm2ix7vyyr^(D±^mm^mibx/)^yyi'^5. 6^i§^^ 
^Kx^mmm^r^^xKi:k^<wv±if^:LtKx-^xjwMmm^(Dm^^±^^ 
•^fc>). ^tj^/^fcii, mmuumw}^m22x:ff^mmmii^r^^^xmmt^ 

[0049] :z(Dm^. m^^^3\±iif^i^mMir^mmmmmmmnm2m(Dmmi^<Dm 

A>h(Dik^m^m'^^m^\±if^\^<^mm^mAfhx^^^m^'bn(Dmmm^Gct 
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[0050] ^fc. j^mmmmtmm^um<DmmL(D±mK-^\^^xh. ag^o. sx^ymmi^x 

[0051] mm^(DB\±iif^K:i(Dx^:^j:mm^mxmnmm^tmmimum(DmmL^m 

i^-S:^:ff\^^mim^x^:if\^^m7!)mmxmmmtfj:^x^iz.^^vx^m-r^ 

[0052] mm^m^\±if^imPtm^mmmmm(Dm.m 
i^^^^vxm^B^'L^n(DummiGcRrjm^smmU(DMmmiGe^mm-r^ 
^tKx<3x. AG^o. sx^ymmurimw-^^tthK. 3\±ifmmv^v^^(DX 

^xoi^vyGct:mMiimm-r^:it^^x^^o h^^A^^ ^^mi^mm^tmmu 
um<DmmL%:mit:^^^:itKxm^m.m^mGcRXK^e^umvxmmx^ 

miti:\^^^K ±m(Dx^i,zmmiKmmmt^£?>^\±ifmm(D^±mx--mcfd:^^ 

[0053] i-jfe;b-^. :^mM(D^m^<Dmm:^miii. 1^^Bm^^:f7\^±mim^x^:)f\^ 

±m-Amm(DiKimmm.mK.itNmi^t^i:^^^^B^^^L-x^m-t^:Lt7!>^x^^ 
u ^rcw-i^^mm.)\m^^\±if^m(D^w^^n^\±ifmm^\^±x^^(Dx\ 
x^i^Wi^^mn^(Dwm^Mmmxno^t7i^x^^:^hi^m'^^Bmnu(Dm.^m 
Tm(DB\±\fmmtmmicfj:ib:^\^^<DX\ ^<Dmi<D%i^i:uKisi'fz^\±ifmm 
hMm-th^tii^x^^o bfc;05oT. m^^S:^:^\^^mim^xmmiK^mi$i^ 
m:}f\^^mi^m'r^mshK(DWf^^^^\^^±m^xi¥m^^mvxmm'r^^t 
t^x^^o *fc. mmmmt^mm^ti^^tiM. '^^B7!)^^mmt-r^-^mm^i& 



wo 2005/001170 



15 



PCT/JP2004/007349 



[0055] $^>{c, w^^B^mmxmmmx^^-r^m^i. ^\±irMmv^mm-t^<DXit 
fj:<. ^^^(DXoi^u^B^i^^mGcRnGe^mm-r^^tKx^x^ 

N/G(r>vmm:n±.^^^Z.his^X^^. ^(OfzJh. ^J;t{^lll6Jc^-rJ:5''cC. G^yf 
[0056] r(7)J;5^^^^0J<^^|gfB(^M3t:^^fe-e{t. ^^^HcDMa^^mMi^ 

[0057] ^bX. vl(^J;5t-bT^fe/cSg|iL(^)^M^#^|ll5t^^bfciE»I$lJ^^^^18jC 
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mt-r^o -^LT. :i(Dx^i^m^^m(Dmm^^y^mxmmmmi!)mit-r6ts 
'p'L^n(Dmm'!^mGcRxf^^^amm^<Dmm^mGehmm:y<y^mxmt-r^:i 

um(DmiL(D^M^i^^m^f^^B(Dmmy<y^mxmitmm(omtmi^m\:^xm 
m(Dy<9y^^^\:^^'^-r^m^an(Dm^^^B%:^m^^mvxm^-r^^tf)^x^^ 

ia5ic:^Ufc^^^B§l±tf ^e20^fflV ^T. mM2A^>^ (eOOmm) cO^&^/^^y 
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mm. ®5^#lt/5iS22-23ppma(ASTM'79) tti:^->V=^>'mm^B%:^^\.fz(W^ 
fa ii:P$Pc7)g${i /j!^ 1 20cm) o 
[0061] Wf^^B^l^if^CDBl^if^m^^^^^Xn. ^i^'>^^W-S/3^j|?^ff^ 

^mm^mmmiS:T^^nm'Lxmw-r^^t\^x^xmnmmm(D^^^w^^s 
(DB\±i,fM^izjt^cx^^^^x^mmmtmmmm<D^mi^imu^7jk\^f:im^ 

0. 56mm/min-e-^i:/.f6i5l-$lJl^bfc:o i^. mmnOcmX(D^\ ±ifmmt)m 

mxh^(Dii^ mmu^^hm.mm^A^tcisb<D\^^^^mU(DB\±ifx^^fc)^x 



[0062] [^1] 
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<DdS$(cm) 




(tnm/min) 


(°C/mm) 


0 


60. O 


1. 200 





10 


60. 0 


0. 560 


0. Ol 


20 


58. 8 


O. 560 


0. 01 


30 


56. 3 


0. 560 


O. 01 


40 


57. 5 


0. 560 


O. Ol 


50 


58. 8 


0. 560 


0. Ol 


60 


60. 0 


0. 560 


O. Ol 


70 


60. O 


0. 560 


0. 01 


80 


60. 0 


0. 560 


0. Ol 


90 


60. 0 


0. 560 


0. Ol 


100 


58. 8 


0. 560 


O. Ol 


no 


57. 5 


O. 560 


O. Ol 


120 


56. 3 


0. 560 


O. Ol 



^ AQ=Qe>Qe 



[0063] _bfacDj;5JCbTW^bfc^^fB(D^Stt:^fR]10cm^(Dm4^^e5^*>ffl 
[0064] (1) FPD (V^^) :5:t;?LSEPD (I^^) <DM* 
(2)OSF(7)#* 

^'fbl^:25nni 

(4) mimmj£w^(D^^ 
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